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O BOME LAWS GOVERNING THR SYNTHESI8 OF RUBFER IN MLANDS
Ay Ay Prokof'yev (Moscow)

1+ Introdustvion

Oonditions under which the rubber=bearing plant {s cultivased
influence the yield of erude rubbers In order 1o improve the yvield
offectively, i {9 necessary to have a correct imowledge of the
prooess of formation or rubber in the plan¥s This knowledge is at
Preamt fragmentary, although publications like Bonner and Galaton's
"Physiology and Biochemistry of Rubber Formation in Planta (1047)
and A. A, Prokof'yevts "Looalination, Formation, and Condltion of
Rubber in Plants" (1948) do glve instances of general laws whioh have
been discovered, The purpose of the present paper is oluwoidation of
some lawo of the behaviar of planta whioh would make more feasidle
the aotual seleotion of owtward gonditions having a favorable influ=
onoe on the synthesis of rubber in the plant,

2o Properties of Crude Rubber in Rolation %e Its Origin

Rubber colleots in various living tissues of the plant, the
prinoipal plases of storage being a) zilky vesaels of various organs
of the plam, b) parenchym cells of axis organs, o) aseimi lating
oells of foliage parenchym. Rubber is stored in the plant at the
place where it has beon synthesized, Differences in the moleoular
weight of fractions oontained in tissues of the same kind of plant
are oonditioned mainly by the age of those tissues, The kind of
tissue also has an influence on the degres of polymerisation, Rubber
formed in the milky vessels, such as that derived from hevea, manikhot,
kok-saghys, tau-saghys, lrym=saghyn, and other plants, has a mole=
oular welght o("th. order of 100,000 = 200,000, Rubber isolated from
‘the parenohym oells of organs of the axis of guayale has a maximm
moleoular weight of 40,000, OGuayule belongs to the middle group of
the pdlymer=homologous series: the lowest group is formed by vatow
ohnik, kendyr, the sunflower, and other plants which gtore rubber in
oells of the assimilating tissus, Thus, rubber ebtained from the
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leaves of vatochnik has o moleoular ‘m;ht of only 135,800, The
variation of the quality of orude rubber depmnding cn the plant frem
Which 1% has been derived can be sem from Table 3, while variatioms
in the moleoular wolght of rubber obtained from she same plant are
illustrated in Tedle le Variations of the quality of rubber from the
famo kind of plant, but depending on the type of the plant, are shom
in Table 8,

The avallable material permits the oonclusion that the character
of the tisaue in whioh the rubber ia aynthesised determines the dogree
of polymerisation, Milkyvessols bring about the syathesls of the
highest mombers of the homologous series, while parenchym cells and
partioularly the asaimilating parenchym syntheaise low=noleoular
homologae A hypothesis which would explain the formation of rubber
in the milky vessels Presupposes the existence of a speoial plastid
apparatus which is absent in parenchym cells, or alse operates in a
different mauier in the latter cells, This hypothesis is developed
below,

3¢ Regularities in the Variation of Formand B8ize of the

Orude Bubber Globulen of latex,

The sixe and shape of rubber globules is charaoteristio for the
speclen of plant in Question, While the latex of most rubber bearing
plants oonsists of spherical globules, the fully developed globules
of krym-saghyz, tau=saghys, and manikhot are rod=ghaped, and those of
hevea have the shape of drops or pears, All freshly formed glotules
are spherioal, independently of the nature of the plant, but later on
they grow and assume the oharacteristio shape, The sisze and shaps of
globules varies with the age of the plant or, to be more precise, the
age of the milky vesselss It is not to be assumed that the largest
globules are formed by coalesoence of small apheres: this would not
explain the shapes differing from the lph.l‘idvllo Other rewsons that
speak against the sort of ooagulation which would ocour in an omul-
sion in vitre are the vpper limit of size and shape that are typioal
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for the speoies of Plant md the faot that n;\u:l. propagation resulss
in globules havizg shapes Lnherived from both parents, with the shape
derived from one parent predoalnatinge Mioroscopie examinatvions by
Proundlioch and Hauser (1928) have showm thas each individual globule
oonsiats of three layers: an outer layer of proteln next %o a rubber
gl fraction underneath, both oovering the liquid rubber ol in the
interiore The outer, provective .ayers of such a globule would cer=
tainly provent coalescence, If large globules really formed by the
ocalessence of several small ones, the quality of the rubber would
remain unchanged, This is not the OMB0! a3 oan be seen from Tadle
4, the moleoular weight grows with the aise of the globules, The
quality of orude rubber obiained from the latex of heves leaves and
young hovea plants is veory different from that of the orude rubber
yielded by the latex of adult trees, Sush differences cannot be due
0 the higher rosin content of the product obtained from younger
plants: determinations on purified orude rubber (404, the rubbder
hydrooarbon only with resin removed) definitely show in the ouses of
kok = saghys and tau = saghys that the moleoular weight inoreases
with the age of the plant, To give an oxample, Mashtakov's results
(1938) show that the moleoular weight of rubber in ko!:‘-:ng}m roots
inoreased from 88,000 to 260,000 in the period from 4 July to 18
November, As the last argument against the hypothesis of oonlessence,
the faot that observation in vive has never disolosed any such coa=
lescence in the milky vessels of tau"= saghys, lryn = saghys, or kok =
saghys oan be ocited,

The regular changes in the globules are due %o the aotion of s
#peoial plastid apparatus, Niohiporovieh (19037, 1944) has shown that
inoresses in the phosphate and nitrogen nutrition greatly augmmt the
rubber bearing oapacity of plants like lnokj-:hghyl nd hevea, In
view of the fact that neither phosphorus nor nitrogen enter into the
ocomposition of rubber, this effest must be due %o a reinforoement of

those structural formations which produce rubber, The organogens in
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question are important oonati tuent g of gel} protoplasts and my
i Vory well affeot the devolopment of the Plastid apparatus of ud Wy
vesdals which synthosises Tubber,
4o Hypothosis of the Formation of Rubber by the Adtion of
Plastids,

While & difference of views exints regarding tho precise slgnie
fioanoe and funotion of the protein layer which covers the globules
of rubber in latex, iy ia probe.ly most Feasonable to asaume that this
layer is a stroma of plastids whioh synthesise rutber, Cessation of
the growth of globules after a dofinite size has been reached oan be
oxplained by the oiroumstance that the strora whioh has bom strotched
beyond a gertain peint by the rudber must toar and ig 1o longer aotive
after that, It oould be agtually ostablished that the largo globules
are the least stalle ones: whenover partial ocagulation of the latex
takes place, the large globules, whioh are inadequately Protected by
& protein = lipeid Jayer, coagulate firsty This ocnooption of the
part whioh plastide Play in the synthests of rubber is in line with
the prosent inowlodge of the funotions of the Plastid apparatus in
oell motaboliem, Many investigators regard the protoplasm formations
Possessing shape, such as plastids and chondriosomes, as conters of
synthatio aotivity of the oells, There can he no doubt in regard to
the partiolpatien of plastids and ohondriosomes in the synthesis of
oarbohydrates, fats and Proteinss As far as terpenes are ooncerned,

; the mere oxistonce of ohromoplasty anphasisen the Poanibility of the

formation by plastids of isoprene dorivatives, qui te partioularly
oarotencida, The differences in shape and in the growth of rubber
globules are olosely Paralleled by similar oonditions Portaining to
the formation and growth of starch grains » and the latter are formed
by plastids,

Results obtained by Hessels (1848) indicate that the content of
substances other than rubber and the content of nitrogen inoroase as

. the size of rubber Elobules decrsases, "l‘holo results, which are |
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lis%ed in Table 8, are in keeping with the mechanism of rubber forma=
tion eutlined abs¥e, In oWher words, the qUARNAYY of rubber {ne
Oreases up to a certain poins, while the quantity of provein, evo,,

contained in the outer layer remaing stsentially constant, Hoanolg?
Yeohnique may have led tg contamination of the &lobules with (L
Bexte of the serum, For that reason, repoated contrifuging eonbined
with thorough rinsing in distilled wator was oarriod out by the author,
Aogording to the results oblained in this manner whioh have been 1iated
in Table 6, even globules that have been most thoroughly washed with
distilled water oon¥aln protein, scetons soluble substarges (npoidn),
and ash forming substances, The ash sontaina iron, whioh is an
important oomponent of wmsymes, As an indireot proof of the plastid
oharaotor of the outer layor of globules, the ash content rolated %o
the sise of the globules may be oited, It comprises

for large globules - 0,746%

for medium-sised
globules w 0u478%

for small globules 0,274%

The same relationship oan be observed in other plaatids and
products of plastid oripin, Aooording to Ostanin (1940), the ash
oontent of graing of potato starch inoreases with the 8ise of the
graine as the potato ripens, dooording to data obtained by Osipova,
th*ah content of chloroplasts of the kidney bean algo inoroase with
850s Results pubdlighed by Bonrer and Calston (1047, pp, 562-884)

f show that besides rubber hevea latex oontaing proteins, 'ﬁuno aoids,
and leoithin which i, oomposed of a mumber of saturated and ungaty.
rated fatty acids, Latex aleo contains small Quantities of free
sterols, resin aoids, and waxes, and larger quantitios of reduoing
sugars and methyl inositol, These data, honwnr,l.noonploh. form a
basis for the belief that all essential oomponents whioh are
characteristic of living protoplasm are also Present in latex
Elobules, It hag been shown with reference to plants bearing rubber

. in the roots that the dry residue of the latex inoreases with the
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880 of the plant (Prokof'yev, 1947)s  Thie inorease is a oonse=

quénde of the acoumulation of rubber, In that comoeotion the
relative quantity of mubstences whioh aro insoluble in asetone and
ohloroform has been found to drop, this relationaldp also holding
for the latex of hevea or oryptostegia (Stewart and Hureer, 1040,
1947)e Btewart and lummer's aoaumptien that ohloroform and acetone
insoluble substances may be prooursors of rubber in to be rejooted:
there is a reverss oorrelation due to the olrounstance tiwt the less
rubber {s formed, the more of the ingoluble mattor ig produced, This
roverse acrrelation also applien to the formation of lowemoleoular
terpenes in guayule, as will be ghown bolow, In goneral, whon the
formation of rubber i slowed down, an alternativo, antegoniatio
substance is produced from the rubber prooursors, This is in keoping
with the hypothosis of the plastid origin of rubber,
Bs Photomymthesis and the Formation of Rubber

Bubber 1a definitely not a direct produot of photosynthesis,
The best proof of this 18 the oiroumstance that storing in the dark
inoreases the rubber content, A number of exporiments has established
that storage of living rooty of kok = aaghys and b'yn:‘-»ngwl under

various oonditions of water and gas exohange results in an on richment
of the roots im rubber, Thua, Bobolevakiy (1044) has shown that
storage of roots of kok - saghys during five days under ooncitiond of
inhibited gas oxchange resulted in a 10-48 peroent incroase of the
rubver oontent with reference to the quantity of rubber oripginally
contained in the roots, Enrichment of the same order of magnitude
oould be establighed by Belikov (1944), who exposed roots of kok =
saghyz to moderate wilting, Acoording to Belikov, the extemt of
rubber synthesis in roots of kok ™ saghye and kn:_‘ = daghyy subges
quont®y to the harvest depends not only on conditions of storage,

but also on tho gondition of the plants at the time vhen they were
harvestod, Wilting, inhidition of gas exchange, and partial evaoua=
tlon of the milky system by tapping stimuilate the synthesix of rubber
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during etorage, From the iata of Belikey and odpman (1948) 14 Roroars

+

that ruote of plants whioh were {p A poriod of intenpive Evowth at¥ the .
time of harvesting oxhibiy the Eroatast oapacity for addisicnal rubber
fynthesis on wilting, Roots of Plants that Yogetato loss onergetioally
duo Yo the sumier rost poriod or the dormant sondition braugnt about by »
winter show o lower dograeo of onriohment lubuqumuy to wiltin,, Ag
can be goen from Table 7) roets obtainaed {n the peried of ihtenaive
Erowth added 47 Peraent of rubhep in excoma of the original oontent
after oight days of storage, Now that LT ralauonnhtpc have been
ostablighed, the problem of utilising thom offiolently in improving
the yield of Fubbor after the harvest must be solved,
8¢ Precursors of Rubber and Compounds lolated to It

The question in rerard to the immediate prooursors of rubber
remains open, The author has ghown that formation of rubber in the
roots of tau:-_'ughy takes plaoe gven when the plant Feceivas ag the
80le sourge of carbon glucoge op saccharose, The view that oarbo.
hydrates form the starting material fo the synthesis of rubber in
Plants {s held by many invuugnt’orl. ™o sohemey for the formation
of rubber from ocarbohydrates (of, Ps 7) are seen Possible and the
alternative W&y represented on the 1oLt sooma to be more probable
than the synthesis of isoprone and its subsequent polymnrluﬂon.
- The opinion has been exprosged that lowsmoleoular terpenes (resins )

are tho actual preoursors of rubber, It oould be ghowm that there is

(the terpenss are soluble in acetone ), Young organg und tissues of
Plants are richer in acotone goluble material and poorer in rubber
than adul organs and tissues of the 8ame plant, Thig heg been amply
Proven in the cases of lonk:-‘bnrhy:, vatoohnik, ung guayule by the
author and is illustrated in tables 8 and § por oryptostegia and
guayuls, rospectively, Now, al) of the aoetone #0luble compounds
oannot be rogarded as terpenes: other substangeg oan be extracted

with dcotone, too, In order to olarify the rolat‘ionlhip between
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Fiee 1o Remotion Bohemo of the Formation of Rubber in Flams
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torpenos and rubber, plants whioh centain foveral representatives of
She terpene class should be velooted, A sonvenient plant from this
point of view would be guayule, the parmohym cells of whioh synthee
8110 along with rubber mono~ and sesquiterpenes ocmposed of isopentene
Eroups and having the olementary oomposition OgHg which oorrosponds

to the formula of rubber, The oomposition of the ostontial oil obm
tulnod from the lvaves of guayule is shown in Table 10,

As oan be geon from Table 11, the conditien of the plant deter
mines the nature of the product whioh is synthesised, fhen an ado-
quate supply of water is available, guayule plants 00lleot oonsidere
able quantities of easential oil and relatively small quantities of
rubber, Ouayule plants which are only two months old do not contain
any rubber: only low=moleaular terpenes, OAeho other hand, greater
age and a shortage of water stimilate the synthesis of rubhey and
reduce the formation of eosential oil, The explanation of thiy bee
havior and of other faots mentioned above is mogt probably the exisa
tonce of a oommon Preoursor for both rubber and the terpenes, T4 44

not to be asaumed that the oyolie terpenes cre oleaved and converted
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into linear polylsoprenes forming the rubber molecules,

i Ascerding to Hondrioks and ildaan (1846), vha latex of young
organs of Cryptostegia madagasonrionsis containg a conaiderakle
quantity of resin and the Sritorpene alochol lupeol (30 BepOH) and

only traces of rubber, With inoreased age the rubber oontent ine
Oreases and that of lupeol drope (eg. Table 8)s In hybride of -
Criptostegia grandiflora and Gy madeonsoariensis (Wi ldman, Abege,
Blder, and llendricks, 1646) both eharacteriatvios are inherited frem
the parents, but the oapaoity to syntheaise rubber predominates and
leas lupeol is formed #han in plants of a pure otrain of ¢, nmadagas-
oarensise The question as to whather two different ensymes cenvert
8 comion preoursor into elther low=molenular terpencs ur rublor has
been raised, It is also Possible that both synthoses are catalysed
by the name onsyme,
7¢ Mutritive Valus of Rubber for Higher Plants

Contrary %o opinions exprossod by Spence and MoOallum (1935 -
experiments on guayule) and Masanko (1939 =oxperiuments on tau =
taghys), the bulk of data obtalned by othor investigators shows that

nolthor moonleration of growth processes nor ocarbon starvation row
sult in a mobildsation of the rubbor roserves of planta, On the -
contrary, cesaation of photosymthesis is acoompanied by an inorease
of the total quantity of rubber, although othor tissues of the plant
decrease in woight and are apparently used up, For instance,

MoGawaok and Fauwlks (1948) have obtained results on oryptostegia b

wihich are in accordance with thone data and confirm the view that

rubber s & final produst of plant metabolism, These authoras have
8120 set up experiments on the starvation of kok™="Baghys roots and
have obtained results which are summarised in Table 12, As oan be

| seen from that tuble, oven a sharp diminution of the dry welght of

4

roots brought about by storage in the dark for 72 days has not re=-
sulted in a reduction of the absolute weight of rubber, No depoly=

morication of rubber indioating utilisation in motabolism could be

l founds On the oontrary, there has been an inorease of the wolght of
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Pubber Amounting to 11.2) paroent in all {nntances, The onrichmant
in rubber Bay have bean atiil greater than that, beoause moulding

Yook pluce under the conditions of the experiment and some of the
Fubber oould have been destroyed ag o eensaquence of this, The ine
) rease of the quansity of agotune axtractibles mAY have been due b
hydrelysis of inulin with the formation of a0otone soluble fugarg,
Siallar oxpariments have been oarrled out by Traub (1044) on guayule,
axXaopt that the Plants were not stored in the dark, but get up in
Pots “illed with sands Partial or oomplate cessation of photosyna=
thesis (i,0,, starvation) wag brought about by Yearing off the leavos,
Tho results of those experiments are listad in Table 18, They show
that although the atore of oarbohydrates diminished g1arply, rubber
Wa@ not consumed at al} in the motabelie procesaen induged by
starvation, On e eontrary, in the oourse of the exporiments in
question an inorease of the quantity of rubber amounting to 3038
peroent of the original weight must have taken Places Traub furthore

nore brings out that tho woight of acotono soluble substances wag
reduced by starvation, Ip rubber were brought Lnto the prooess of
motabolism and oxidizod, an addd tional quantity of aontone so0luble
subetances would rosult,

Soma bliing mugt have been wrong with the date obtnined by Spenge=
Y¥oCallun and Maganko, Dostruotion of rubber 1n roots of kok:-ﬂ;ngwl ,

of gome of the rubber due %o moulding may have beon & source of
orrors It ie aloo imown that rubber contained in dea guayule tissue

may be sonverted into moetong 8oluble resing by oxida-ions the data
leted in Table 14 illustrate that, A thipd poneible sourge of erropr
may have been polymerieation of rubber to high=moleoy' ar compoundg
which were insoluble and sould not have boen extruote: for that reason,

There oan be no question but that rubbep does no- entor inko the

motaboliam of higher plants in which it 44 originated,
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8¢ Conolusion
Work in comneabion with the first phase of the utilisation of
rubber=bearing plants, AaRely that aiaing at better methods of

oultivation and the improvemant of yields by thio meana, my be
regarded ss conoluded, A% preaant the prinoipal effart in the flold
nf resoarch must be devuted to a gonersl improvement of the rubber
boaring oapasity of plants and the poraibility of inauring a better
quality of the orude rubber darived from that raw material, Rosults
obtained by the method of otoring living plante after harvest thow
that external influences may otronply affect the rate of rubber
tyntheolas Thore can be no doubt that potent influences like the
supply of water, mlneral nutrition, and light oonditions are aapable
of modifying the developmont and funotion of rubber besring tisaues
a8 far as their oapaoity to symthesizo rubher ig ooncerned, The
wothods appliod to different planto must bo adapted to thoir spesifie
behavior, Thus, fuayule forma low-molecular torpenes together with
rubber, an improvement of the rubber yield by reduoing the formation

“ of terpenes can be onvisioned, Purthermore, the results outlined
above sugrest that an attempt in this direotion my be expeoted to be '.j .
rather successful, As far as kol{_‘-;ug)m and other plants which }
bear rubbor in the roocts are ooncerned, the situation is rather
different in the sense that rubber is the prinoipal and practiocally

oxolusive representative of the torpeno olass, The synthesis of rubber

in those plants may be 1imited olthor by the small quantity of pre=

oursor which is availuble or the inadequate oapacity of the mi iy

vesael plastids to polymerize substances whioh are formed to a :
sufficlont extent, The determination of the exact nature of this
bottleneok seoms to be an important and pressing problem, The material
presented in this article ought to form a ugeful oontribution towards
the solution of that problems Particular attention should be drawn

to the synthesis of rubber in kok saghyz roots after the harvest,

All prerequisites for enlarging the scope of work based on that finding
and of practioally 8pplying the results in question are given,
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Table 1, Moleooular Weight and Viscosity of Benmene Solutions of Various
Fractions of Kok = Saghys Rubter (Ignat'ev, 1944).
T ’ . ¥ V- X i
; Specific ee vimcosity of solutions at concentrations
Molooular weight expreosed in
0.1 ; 0,05 0,025
]

‘ 36 000 0,16 i 0,08 0,04,
49 000 0.23 : 0.1 0,05
72 000 0,34 0.6 0,08 '
125 000 0,59 0,27 0,13

!
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Table 2. Relati i i .
. ve Viscosity and Molecular Weight of Rubber fram Various -Gredes- of Ghamaie Goayule
(Mashtavov, 1939).
< oo - . 5 1 o e - - 13 - ST “—."‘"_
(‘;:D\‘Concentratian. Relative Wiscosity and rolecular weight of the crude rubber ¥ M —
\‘\\ ———— . = g N - ———— : - - - T n I.
Grade. \\ 1.0% 0.5% | 0.25% ' 0.1252 | 0.05% ; 0,025 i Mclecular |of paly—
) ; i 2 wcight., mbelieakim
- ! ; i .
— oD T i,. i ! 1 R e
i :
Karabakh Pioneer 2.2} 138 125 | 115 107z ;1050 23600 350
Blue Latifolium 2.57 | 1.65 132 ; {
f .3 ; 1.18 loeo | Lo 27 500 400
. i { ;
ggunmnm, Group 65. | 3.53 o202 149 [ L 1,120 i 1.09 40 000 600
= : ; i
I |
| | i |
: H { -t
'; i =
i | =
i § =
i i iad
} i a
: i ey
i ; ==
(=]
] <
| L
S —— [ )
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1he-Sumik

Sar-Piamte ,

oL Bulh

T - - Table 3. The Quality of Crude .. Bubber Depending on its Origin.
Hame of plant, .
e l H@rmumnh_
7 . M-!#Cﬁ!ﬂi-.
Kok - saghyz. -
Roots. B —
T - seglys f - T rpes 150 000 ~ 250 000
Hevea | - . 127 000 - 150 ooo
; Trunk - _ .
Cryptostegia ; . T . . _ — — 140 000 ~ 18 ooo
" - — — — _| 12000-1%
Leaves 000
Vatochmik . - %“m 10 000 - 16 009
Zolotarnik - - i - 13 500
- .
Guayule -
o Low polyner
Trunk, tranctes, ani _ Basic parencyym
roots. 25 000 - 40 000

;
b
i
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Volume in cuhic
. microns,
' ) f
. !
Origipal latex (Lok - saghys) ; 1.18 0.e57
1 st fraction (of centrifuging)
. 1.36 1.290
24 = ¢
] 1.z 1003
a0 [ L 0.503
4t - 1.08 t 0.652
5th 2= !
. Ta . E“ 100 0.522
Lot B2 f 0,83 0.309
= f i
. ! -
i ; i
i
. i
H
y i :
o ! :
k2] :
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Table 5. Composition of Various Fractions of Hevea ILatex (Hossels, 1US5),

CONFINENTIAL

Composition in % V
; 3a. { 6 tn, Bthfotn Iatex, L
] . - 4
- Y S
Fitrogen 0,07 0.7 on 010 |
Ash ‘
o. :
. 16 0.20 0.52 0.5 [
neous extract . L 1.20 170 0.60
Acetons axiract i 1.50 2,10 3.90 4.30 1,70
Total quantity of substances @ 2,30 t 3,70
p : . 5.70 7.2 3.30

%) The mitrogen 1s " | LA
gen 1. lssmto?amtdnni m[\“‘\

L ——TS TR
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! CONFINENT)AY
hammm% .
Ruisber-4n-Piambe,
Eh Table 6, Oomposition of Rubhey Glebulen frem Kol = Barhys latox
..
fn
|
Cemponon, $ reforred to the absolute diy
vwelght of the coarulate,
Nitrogen compounds roonle:.lated as
rroteins i 1ed9
Ash
0,66
hcotone soluble substances ! 10,40
by

E Crude rubber (by differonce) “ . &,45
3 "y,
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Wilting as Releted to the Age of the Plant (the Time of Earvesting).

o

Time of

experiment,

Julp 8 - 16

Aug, 8- 16

! Oct. 8- 18

y

Table 7. Formetion of Bubber in Boots of 2-vear 014 Kok & Sachyz Afterthe Harvest and on

Varietion of conditioms,

Conirol experinent
Wilted

Coniral exreriment
Wil-ed

Control experiment
Wilted

Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070031-0

1

Deta fron Belikov and Lipman, 1945.

Weight of roots in . Increase of the

specizen - grems, Waight of ° welght of rubber

yubber in - in § of origimal

Before (Y oan] crems, weight as deter—

exreriment, | of mined in control

experimnent, ezperiment,

200 [ - 1. 17 -
200 ;170 236 + 7
200 - 2.9 -
200 169 ! 2,56 +22
300 - 3.49 -
300 3.96 +12
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Lowe-C. - Svminagd

Table 8, Differences in
Tt eatal thethtydtheDryReaiduudhtqurivaﬂhmﬁﬂmO'Wmmcr
Sefaraie Cryctoste-ia Hadacascariensis Plants (Filéman et al. » 1946) o o
L“‘ e e a—aa -
‘1 Nunber of Averag, 3 ercent . -
zZone, Part of the plant specimen, n;liue:eg:mm - B “
e T

Acetone extractibles Rubber

i
!
i
j_—-%,_ —_—
H 1
s Trunk 65 8.1 cas - ————
} 2. Large rranches 20 7.4 -
] -
! 3 Uediwm *ranches 2 10.0 .7
4 . - 72,7
) 15 2335 542
5 Szall branches 10 s
‘@
6 Young srrouts 32 2.8 : 4.2
. 1.6
SN

e .
%
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(ON’- ' On-Seme-Ziem the Synthesis of Rubber- 5
i re i b — -
‘Table 9. Relative Content of Rubber and Resins in O - = ) 1
0 Overzround Organs of 9 - rear 014 Guayule (
< Curtis, 1947 ),

Z of dry meight

; Srrouts formed by the plant
| "\‘—“’”"",? . R
L Rabber. P Bectes
; in the 1 st yeer of life ;
L] n 24 n n n 15.C6 g 6-71
: 15.55 i
; n " 5417 S5th nnan . | o
' - 1%
& " " 7thw gipnm wa : : n
' T 13.54 : 9.2
9.88 10.68

9 th n anm

o
a
El

Py

¥
i
£

¢
f

—_—
(% data taken from Teble V of the ariginal publicatiom,
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Table 10, Composition in % of EshensdAl( 0il of Guayule Leaves (Haaron=Smit
and 8iu, 1944),

‘. = pinene 60

= rinene 2

Dirontene 9

Cadirone 8

Other terponca 6
Sesquiterpone aleohol similar to elerol L

Phellandrol 4
Sesqiternenes having azulene nuclei 3

; Sesquiterpene similer to guaiene 2
| Terrone ketone 2

CONFpy: ..

Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070031-0




Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070031-0
——

»
) »
(o“F“\,tM'c‘! 1] ~
$0d . . ’
Tetle 11. Rates of Collection of Rubber and Bssentiel 0il by Guayule During Various Vegetative Periods T T T TR
(Prokof'ev, 1939).
!
-F . S ;
Avwoteﬁ_d&mt- in cifigrems of ! Retio
na ‘tored
Vecetative period. # Fer oy l‘:l;)ul' , “’:lm
" Absctutaly | R :
ary Pubh ® 7
cateriel, ol
H -3 ol
'
Budding - bearing of fruit (May 22 - Aug. 3,1937) 403 5.6 : 3.6 "W :
Period of rest (Sept. 25, 1737 - Jzn. 25, 1918) 104 12,7 B 1.1 #
J :
AL

. R .
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MTYA '
A SHPRELA s Governtag )
DRI O Sams Tavs Coveriing tha “Symthests ef: Bubber in-Fiests ]
Table 12, Exrerinents on the Starvation of Kok - Sagktyz Roots (McGavack and Faulks, 1945) ‘
'y .
| L !
C Number of Fresh weight in —ran “Tran 3 grars grans
ciber of sh weigh Tans Pry meight i s 3 leight
i ‘!. days diring  of 200 roots at the iinm U300 roots, | LerEit in*tre“’ & vm-' hm
' 3 §ey Whick sample wien the er:erl:en: ;;;e of 70 = ! mecten f i » § tth’
. EEug i e Tren e o acetone fron 200 taoluens) fram 200
5o ed o er art roots, Toots )
© 37 & has been )
o £.28 stored, '
Foas
. 1
1 (1] 02
2 . 2020 37 1.7 : 19.75 |
2020 359 16.8 2200
¢ 3 57 2020 338 31.6 §
; z - 23.50
2020 36 27.6 22,70

>
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(ONHN ool L —On-Somefawe-Gorrerntfir-the Syt Bty  of Ribber tn-Planke-- - " !

Tetle 13. Rubber Content of Axis Orcans of Guzrule as Related to Partial or Caxrlete Starvation

(Tr&::b, 1944).

s 1 e s

‘a ﬁ'fxtingram:rergmputliplnm.
. . ;i st veriation - 2 d veriation - leaves . :—3 d var-n - lesves
Analysis, leaves ave not been torn ofponce, torn off repeatedly

. and systematically,

o ber orrirates)Rnbber Carto- PRubber . Carbo-
hvirates. ‘hydrates.
I . : - ' H -
At the time when tre e:perizent mas started 4535 T 22.09 L.55 i 21,48 453 ; 22,09
. :
. At the conclusion of exnerizent 6.05 7.03 6.21 575 6,10 i 1.43
) . - .
( Aze of rlarts wes 16 months. Duration
of experiment was 2 - 4 ronths,) : R -

e T S

Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070031-0




Declassified in Part - Sanitized Copy Approved for Release 2012/05/21 : CIA-RDP82-00039R000100070031-0
—

1
On-Some-Fawe he-Synthesis-of APk o
t‘(‘ﬂ“\"‘ Goverring -the-Oy >

(¢ WL Stalks )
&able 14. Rutber Bearing Ceracity ané Resin Content of Dead SW of Gueyule (Curtis, 1947).

e gt s

i - - o].ﬂ -
I~ - - 2 3 - eer old 3 - reer cld 9 - yeer
: 37 nr»t:ar oxé rlants, rlants wiich rlants.
i o have been
! Conditiom of ergens and e e
: substances derived from . -
I Stat ' ! ' !
Dry Weight of Dead Sﬁg. )
Grans per vlant. 13.0 1?.0 g:.g ']u’z.g 1?9):3
¢ with re‘erence to leafiess 7.8 £7 - -
rlant,
Content of Bubber in %.
Dead stalks 0.7 1.1 ; ﬁ'? ;.1 13:2
Leafless living sialks 10.3 6.4 : o, o
Content of Resin in $ -2:9
Dead Btalks 2.9 lé.i Z.g Z“:g 13:‘3’
Le~fless living stalks 7.1 5 “e
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